1. Introduction
===============

Hemophagocytic lymphohistiocytosis (HLH) is a syndrome characterized by an excessive systemic inflammatory response.^\[[@R1]\]^ HLH may have genetic causes or be associated with a variety of medical conditions, including infections, autoimmune diseases, malignancies, immunodeficiencies, and hematopoietic stem cell and organ transplantations.^\[[@R1]\]^ Infection-associated HLH has been identified in immunodeficient patients, but most cases occur in previously healthy people.^\[[@R2]\]^ Among the infectious agents that trigger HLH, viruses are the primary pathogens causing HLH, where Epstein-Barr virus (EBV) is the most common trigger.^\[[@R3]\]^ Additionally, other pathogens have been associated with HLH, including bacteria, fungus, and parasites.^\[[@R2]\]^ Several studies have reported bacterial infection-associated HLH,^\[[@R4]--[@R9]\]^ but none associated with invasive group B streptococcus (GBS) infection. Herein, we report a fatal case of HLH associated with GBS sepsis that occurred in a previously healthy child. This study was approved by Institutional Review Board of the Chung-Ang University Hospital, and the informed consent was waived due to the retrospective collection of data which secured the anonymity of the patient.

2. Case report
==============

A 5-year-old girl was admitted to the emergency room with fever and cyanosis. She had no specific past or familial medical history. Fever and myalgia had started 2 days prior and then vomiting, cyanosis, and bilateral leg swelling occurred 2 hours prior to admission to the emergency room. Vital signs consisted of a heart rate of 170 beats per minute, body temperature of 38 °C, respiratory rate of 50 times/min, and oxygen saturation of 85%; blood pressure was not measured. Upon physical examination, the patient had splenomegaly, systemic cyanosis, and bilateral leg edema. Hematologic studies revealed a leukocyte count of 18,050 cells/μL (reference value, 4000--12,000 cells/μL) with 20% band neutrophils, hemoglobin concentration of 12.2 g/dL (reference value, 11.5--14.5 g/dL), and platelet count of 73,000 platelets/μL (reference value, 150,000--400,000 platelets/μL). Peripheral blood smears showed leukoerythroblastosis, neutrophilic leukocytosis with a shift to the left in terms of maturation, and thrombocytopenia. Blood chemistries included levels of C-reactive protein of 410 mg/L (reference value, 0.5--10.0 mg/L), procalcitonin of 40.36 ng/mL (reference value, 0--0.5 ng/mL), aspartate aminotransferase of 319 IU/L (reference value, 15--50 IU/L), alanine aminotransferase 99 IU/L (reference value, 5--45 IU/L), total bilirubin of 4.7 mg/dL (reference value, 0.2--1.2 mg/dL), direct bilirubin of 3.6 mg/dL (reference value, 0--0.3 mg/dL), and blood urea nitrogen of 75 mg/dL (reference value, 5--18 mg/dL), creatinine of 2.7 mg/dL (reference value, 0.1--0.6 mg/dL). Other laboratory abnormalities included a triglyceride level of 655 mg/dL (reference value, 30--86 mg/dL) and fibrinogen level of 50 mg/dL (reference value, 200--400 mg/dL). Bilateral pulmonary congestion was observed by chest x-ray.

The patient had respiratory distress that required intubation and mechanical ventilator support. Due to septic shock, the patient was treated with empirical antibiotics (teicoplanin and meropenem) after obtaining 2 sets of peripheral blood bacterial cultures and administering intravenous hydration and inotropes (20 μg/kg/min dopamine, 20 μg/kg/min dobutamine, 1 mg/kg/min epinephrine, and 1 μg/kg/min norepinephrine). Glucocorticoids, including dexamethasone, were not administered.

Five hours after admission to the hospital, a blood test showed anemia and thrombocytopenia (Table [1](#T1){ref-type="table"}). Packed red blood cells, platelets, and fresh frozen plasma were transfused into the patient and 0.5 g/kg intravenous immunoglobulin was administered to manage septic shock. Despite this, hypotension was sustained and cardiac arrest occurred 10 hours after admission to the hospital. Despite 1 hour of cardiopulmonary resuscitation, the patient died of septic shock.

###### 

Blood laboratory findings.
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After the patient died, serum ferritin levels were determined and serologic and culture studies were conducted. The ferritin level was 6599 ng/mL (reference value, 10--60 ng/mL). Serology for hepatitis A, B, and C viruses was negative. EBV viral capsid antigen IgM/IgG antibody, EBV nuclear antigen IgM/IgG antibody, and quantitative polymerase chain reaction for EBV in the serum were negative. *Mycoplasma pneumoniae* IgM antibody was negative. Nasal swab culture for methicillin-resistant *Staphylococcus aureus* was negative. Only GBS was identified in the 2 sets of peripheral blood bacterial cultures. Based on antibiotic susceptibility testing, GBS isolated from the patient showed susceptibility to penicillin-G, ampicillin, clindamycin, erythromycin, cefotaxime, and vancomycin. HLH was diagnosed after the patient died, therefore the other studies for diagnosis of HLH, including genetic studies, bone marrow biopsy, and assessments of levels of natural killer (NK) cell activity and the soluble CD25, were not performed.

3. Discussion
=============

HLH is a pathologic immune response characterized by hyperinflammation.^\[[@R1]\]^ The first case of HLH was reported in 1952 by Farquhar and Claireaux,^\[[@R10]\]^ who referred to this syndrome as familial hemophagocytic reticulocytosis. HLH can be classified as either primary or secondary. Primary HLH includes familial HLH and several primary immune deficiencies, which may involve immune defects associated with genetic mutations for NK cells and cytotoxic T lymphocytes.^\[[@R2]\]^ Despite activation of NK cells and cytotoxic T lymphocytes, these cytotoxic immune cells fail to kill infected target cells due to defects in granule-dependent cytotoxicity, which leads to ongoing pathologic immune activation. In this process, levels of many cytokines, including interleukin (IL)-1, IL-6, tumor necrosis factor-alpha, interferon-gamma, IL-12, and IL-18, are increased and macrophages are activated.^\[[@R11]\]^ Prolonged fever, splenomegaly, cytopenia, increased triglyceride synthesis, hyperfibrinolysis, and/or hyperferritinemia, increased CD25 levels, decreased or absent NK cell activity, and hemophagocytosis by macrophages in the bone marrow, cerebral spinal fluid, or lymph nodes are observed in patients with HLH.^\[[@R1]\]^ By contrast, secondary (i.e., acquired) HLH is associated with infections, autoimmune diseases, malignancies, and immunodeficiencies without known genetic mutations for HLH.^\[[@R12]\]^ These infections include those caused by viruses, bacteria, fungi, and parasites, where EBV-associated HLH is a major form of secondary HLH.^\[[@R13]\]^ Among bacterial infections, *M pneumoniae*,^\[[@R4],[@R5]\]^*Listeria monocytogenes*,^\[[@R6]\]^*Leptospira* spp.,^\[[@R7]\]^*Brucella* spp.,^\[[@R9]\]^ and *Streptococcus pneumoniae*^\[[@R14]\]^ are associated with HLH.

Various bacterial infections have been reported to be associated with HLH. However, no cases of HLH associated with GBS sepsis in a child have been reported previously. The present patient met 5 of the HLH criteria: fever, splenomegaly, bicytopenia, hypertriglyceridemia and/or hypofibrinogenemia, and hyperferritinemia. Unfortunately, we were unable to evaluate whether the patient had a genetic mutation associated with HLH or another immunodeficiency. However, only GBS was identified in 2 sets of blood cultures during microbiological analysis. Therefore, we conclude that GBS may have triggered HLH in the patient.

GBS, also known as *Streptococcus agalactiae*, is a major cause of neonatal invasive disease, but administration of prophylactic intrapartum antibiotics has led to a substantial decline in the incidence of GBS infection in neonates.^\[[@R15]\]^ GBS infection is rare in children over 1 year of age.^\[[@R16]--[@R18]\]^ Phares et al^\[[@R17]\]^ reported that the incidence of invasive GBS infection in the United States was 0.22 per 100,000 in children aged 1 to 14 years compared with 7.2 per 100,000 in the total population. Additionally, 40% of GBS-infected patients aged 1 to 14 years had at least 1 underlying disease, such as a neurologic disorder, immunosuppression, asthma, malignancy, or renal disease.^\[[@R17]\]^ In our case, when antibiotic susceptibility for GBS was assessed, the patient received the appropriate antibiotics. However, the clinical course of this case was fatal, which might be due to HLH following GBS sepsis. Therefore, when septic shock with an unusual course and clinical findings such as splenomegaly are present, the possibility of HLH should be considered and appropriate treatment should be performed without delay.

4. Conclusion
=============

We presented a rare fatal case of HLH associated with GBS sepsis in a 5-year-old child. We suggest GBS infection may have caused HLH and early awareness of HLH associated with GBS infection and proper effective treatment are necessary to reduce mortality.
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